INTRODUCTION
The minimal intervention technique for the treatment of caries lesions has been widely used over the last few decades. In this technique, the recommendation is to remove the layer of infected, more disorganized dentin, and preserve the affected dentin that has the potential to be remineralized 1, 2 .
As the carious dentin is not completely removed, glass ionomer cement (GIC) has been indicated as the restorative material, due to its properties of chemical bonding to mineralized tooth structures, coefficient of heat expansion similar to that of dentin, adequate biocompatibility and fluoride ion release, which contribute to the remineralization process 3, 4 . However, the low mechanical strength of the conventional formulations of this material 5 is a limiting factor for its use in cavities subjected to high masticatory stresses, such as extensive Class I and Class II restorations. This has led to the development of a new category of GICs with enhanced physical properties.
These GICs present greater wettability of the powder by the liquid component than the conventional GICs, which has resulted in easier and faster manipulation and greater viscosity of the product 6 . As a disadvantage, they present lower cumulative fluoride ion release [7] [8] [9] . Although the effects of this lower fluoride ion release on the inhibition of residual caries lesions are not yet known, various researchers [10] [11] [12] [13] [14] have proposed the association of anti-septic agents with GICs, in order to improve their antibacterial properties.
Chlorhexidine (CHX) has been used in association with GICs, particularly in the forms of digluconate 10, 13 and diacetate 12, 13, 15 . Nevertheless, their antibacterial effect is concentrationdependent 11 , and at high concentrations, CHX may interfere in the physical and mechanical properties of GIC 10, 11 .
In order to attain the clinical success of a restorative technique, it is important to point out that the modified material must present adequate physical properties, and its property of bonding to dental structures must not be altered, since the anticariogenic effect depends on a combination of antibacterial agent release and retention time of the material in the cavity 11 . As studies of the bond strength of GIC associated with chlorhexidine are scarce 12 and there are no studies testing this property in caries-affected dentin, the aim of this study was to evaluate the influence of the addition of different concentrations of CHX diacetate, on the bond strength of a high viscosity GIC to sound and caries-affected dentin.
MATERIAL AND METHOD

Selection and Preparation of Teeth
Eighty sound extracted human third molars were obtained from the Tooth Bank of the Araraquara School of Dentistry -UNESP, with approval from the Research Ethics Committee (Report 68.388, of August 07, 2012). After the removal of tissue remainders, prophylaxis and washing, only teeth without anatomical and structural defects were selected. These were stored in a 0.1% thymol solution, under refrigeration (4 °C) up to the time of being used. The teeth were randomly divided into eight groups (n=10) according to the condition of the substrate (caries-affected dentin and sound dentin) and concentration of chlorhexidine diacetate added to the material (0%, 0.5%, 1% and 2%). The material used was a high viscosity GIC (Ketac Molar Easymix -3M-ESPE Dental Products, St. Paul, MN, USA) ( Table 1 ).
Obtaining the dentin surface
The teeth were cut in the transverse direction in the occlusal third of the crown, for the purpose of producing a flat surface in dentin. The cut was made with a metallographic cutter (ISOMET 1000, Buehler Ltd., Lake Bluff, IL, EUA) equipped with a diamond disc (No.11-4254, Buehler LTD., Lake Bluff IL, USA), at a speed of 300 rpm and force of 200 gf, under constant cooling. The surfaces were inspected under a stereomicroscopy (Model SZX7, Olympus, São Paulo, Brazil) at 40x magnification to prove the absence enamel remainders on the dentin surface.
Artificial induction of caries lesions
In half of the selected teeth (n=40) one of the roots of each tooth was perforated and transfixed with orthodontic wire to enable the teeth to be suspended. The teeth were sealed with two layers of acid resistant enamel, leaving only the dentin surface exposed, and were then sterilized with ethylene oxide. After this, the teeth were suspended in a cariogenic solution (BHI broth supplemented with 2% sucrose, 1% glucose and 0.5% yeast extract; 25 mL/tooth) and inoculated with 10 5 CFU/mL of Streptoccocus mutans ATCC 25175 (Tropical Culture Collection -André Toselo Foundation). The set was incubated under microaerophilic conditions at 37 °C for 14 days, with changes of cariogenic solution every 48 hours, without the inoculation of new microorganisms. After the incubation period, the biofilm was removed with gauze and the sealing material with the aid of scalpel blades. The teeth were abundantly washed in deionized water and the dentin surface was found to be darkened and softened when it was touched with an exploratory probe without using pressure 16 .
Carious tissue removal and obtainment of dies
In the teeth with artificially induced caries lesions, the infected dentin was manually removed with 320 grain silicon carbide abrasive papers, until hardened dentin, resistant to the touch of a sharp exploratory probe, without using pressure, was obtained (affected dentin). In an attempt to obtain a similar dentin depth among the caries-affected teeth and the teeth that were maintained sound, the latter were also worn with the same type of abrasive paper. Influence of the addition of chlorhexidine diacetate... 3
After this, the teeth were washed in an ultrasonic bath, embedded in self-polymerizing acrylic resin, using a cylindrical PVC tube as matrix, with an external diameter of 20 mm by 18 mm high, so that the dentin surface would be centralized and parallel to the base of the tube. After complete polymerization of the acrylic resin, all the teeth were carefully abraded manually with 320 grit silicon carbide abrasive papers lubricated with water, for 15 seconds, in order to produce a standardized smear layer 16 . All the procedures were carried out by one single, previously trained operator.
Test Specimen Fabrication
On the dentin surface of each tooth a test specimen was constructed. Initially, the bonding area was delimited using double-faced acid resistant adhesive tape (3M do Brasil, Sumaré, SP, Brazil) with a perforation (1.0 mm in diameter) made with a rubber mat perforator (model Ainsworth, Wilcos do Brasil Indústria e Comércio Ltda, Petrópolis, RJ, Brazil). After this, the dentin surfaces were etched with polyacrylic acid for 10 seconds and then washed with a jet of water-air for 10 seconds and dried with cotton wool balls. A transparent cylindrical silicone matrix 1 mm high with an orifice 1 mm in diameter obtained from a disposable urethral probe (Embramed, São Paulo, SP, Brazil) was placed so that its internal diameter would coincide with the perforation in the adhesive tape, and this was used as a matrix for fabricating the test specimens. The material was manipulated manually at a controlled room temperature (24 ± 1 °C), in accordance with the Manufacturer's recommendations (3M -ESPE Dental Products, St. Paul, MN,USA) and was inserted into the matrix with the aid of a Centrix syringe (DFL, Indústria e Comércio S.A, Jacarepaguá, RJ, Brazil). The test specimens were protected with vaseline on their top portion and the set (die + microtube + test specimen) was stored at 37 °C with 100% humidity for 24 hours. After this the matrix were removed with the aid of a scalpel blade no.15 (Embramed, Jurubatuba, SP, Brazil). The test specimens were observed under a stereomicroscopy at 40x magnification to certify the absence of defects at the bond interface.
Bond Strength Determination by means of the microshear test
The mechanical microshear test was performed in a mechanical testing machine (DL-Digital Line, EMIC, Paraná, Brazil), previously adjusted for tensile forces. To perform the test, a metal wire 0.2 mm in diameter was used simultaneously lassoing the test specimen as closely as possible to the material/ dentin bond and prolongation of the load cell. The movements of traction were made at a speed of 0.5 mm/min. The tests were started by means of a specific computerized program (Tesc-Test Script, EMIC Equipamentos de Ensaio Ltda, São José dos Pinhais, Paraná, Brazil) and proceeded until fracture. The maximum stress values in MegaPascal withstood by the dentin/material bond were recorded.
Fracture Pattern Analysis
The fracture pattern of each specimen was evaluated by a single trained examiner, with the aid of light microscope (Model SZX7 Olympus, São Paulo, Brazil) at a magnification that would allow adequate analysis (approximately 40x). The fractures were classified as adhesive (failure between the substrate and restorative material), cohesive in dentin or in material (failure in dentin or in material, respectively) and mixed (combination of adhesive and cohesive failures). The operator was blind to the group to which each test specimen belonged.
Analysis of the Results
The bond strength data (in MPa) were evaluated as regards the normality and homogeneity of variance. As these conditions were not met, the non parametric Kruskall-Wallis test was applied, complemented with the Mann-Whitney test. The level of significance adopted for decision making was 5%. Fracture pattern analysis was done in a descriptive manner.
RESULT
The bond strength values considering the variables chlorhexidine diacetate concentration and condition of the substrate are presented in Table 2 . In affected dentin, two specimens (one from Group GIC and the other from Group GIC+2%CHX) fractured during removal of the matrix and were excluded from the analysis.
Condition of the substrate (sound and caries-affected dentin) had no influence on the immediate bond strength values (p>0.05). For both conditions, the addition of chlorhexidine diacetate to GIC in the concentrations of 0.5% and 1% showed statistically similar bond strength results to those of the control group without the addition of chlorhexidine (GIC) (p>0.05), and all the groups presented higher bond strength than the group in which CHX diacetate at the concentration of 2% was added (p≤0.025), ( Table 2 ).
The distribution of the fracture types for each study group may be observed in Figure 1 . The cohesive in material and mixed fractures were predominant for all groups, irrespective of the condition of the substrate. No cohesive failure was observed in dentin.
In addition, it may be observed that when CHX diacetate was added to GIC, there was an increase in the percentage of the adhesive failures in caries-affected dentin, and this was proportional to the increase in concentration. For sound dentin, the increase in the percentage of adhesive failures occurred only when 2% CHX diacetate was used.
DISCUSSION
Bonding is a phenomenon by which two surfaces remain attached by means of chemical or chemical-physical interactions. One of the main characteristics of GICs is the bond to dental structures without any pre-treatment of the surface 14 . However, this property may be affected by the conditions of the substrate [17] [18] [19] .
Previous studies have shown that the values of shear bond strength of GICs to sound dentin are low, generally between 1 and 3 MPa and they rarely exceed 5 MPa [20] [21] [22] . These values tend to be higher in microtensile tests due to the differences in stress distribution and reduction in bonding area when compared with shear tests 23, 24 . In the present study, the option taken was to use the microshear test, with the purpose of obtaining specimens with a reduced area, without the need for a great deal of manipulation of the specimens, as occurs during their obtainment for the microtensile test. In spite of this, the bond strength medians were lower than 5 MPa.
Low bond strength values may have occurred because before the mechanical test, the plastic matrix used for fabrication of the test specimens was removed with the aid of a scalpel blade, and the pressure exerted for cutting may have been transferred to the cylinder of material, forming cracks in it, and also cause some level of stress at the bond interface, thus interfering in the real bond strength 25 . Maintaining the plastic matrix would be an alternative, however, it is resilient and capable of absorbing stress during the test. Andrade et al. 25 (2012) evaluating the bond strength of a resin composite to dentin, with two adhesive systems, verified no significant difference between the groups either with maintaining or removing the plastic matrix. Higher bond strength values were obtained by the authors when the resin composite was pre-polymerized in the matrix and it was removed before the bond to dentin was performed. As the application of this methodology is not possible when it concerns the GIC/dentin bond, which is chemically determined during the setting reaction of the material, the option was taken to remove the plastic matrix before performing the microshear test, which is the method most frequently used in the literature.
The influence of the addition of CHX diacetate in different concentrations on the bond strength of a high viscosity GIC to sound and caries-affected dentin was evaluated in this study. The results showed that the condition of the substrate did not significantly influence the immediate bond strength of the material, irrespective of whether or not CHX was added.
Up to now, few studies have evaluated the bond strength of GIC to carious dentin. As was demonstrated in the present study, Way et al. 26 (1996) using resin-modified GIC, and Palma-Dibb et al. 27 (2003) using conventional and resin-modified GICs, also observed no significant difference in the bond strength to caries-affected and sound dentin. On the other hand, Choi et al. 23 (2006) using a conventional GIC and another resin-modified GIC verified a significantly lower microtensile bond strength to caries-affected dentin. Although the bond mechanism of GICs to dental structure has not yet been well elucidated, these authors considered that the loss of calcium ions in carious dentin is unfavorable to bonding, because in the first moment the chemical bond of GICs to mineralized dental tissues involves the chelation of the carboxylic groups of polyalkenoic acid with the calcium of hydroxyapatite 28 . Moreover, the affected-dentin surface is more porous and capable of retaining traces of lactic acid involved in the caries lesion 22, 29 . The GICs rapidly react with this acids 30 and this may be the reason why the bond of some cements to sound and caries-affected dentin is different.
In the present study, as in the study of Palma-Dibb et al. 27 (2003) the softened dentin was removed until a surface well resistant to touch (affected dentin) was obtained. After the teeth were embedded in acrylic resin, this dentin was again abraded with 320 grit silicon carbide abrasive papers for 15 seconds to produce a standardized smear layer on all the test specimens 16 . This procedure may have contributed to obtaining a dentin surface with characteristics close those of sound dentin. Therefore, it is considered that the loss of calcium ions in this dentin was not enough to determine a significant reduction in bond strength with GIC when compared with that obtained to sound dentin. When comparing the bond strength of GIC to sound dentin and dentin after the process of erosion, Cruz et al. 31 (2012) also observed no statistically significant differences. Although dentin that has gone through the process of erosion would be highly demineralized, with a low calcium and hydroxyapatite content, this condition did not affect the bond of the material, but it may be related to the alterations in the fracture patterns 31 .
High viscosity glass ionomer cements, such as Ketac Molar Easymix were especially developed for use in the Atraumatic Restorative Treatment technique. These materials present high performance physical properties 6 , however, they have demonstrated a lower level of fluoride release in comparison with the conventional GICs 8, 9 . Since the effect of this lower level of fluoride release on residual bacteria has not yet been well elucidated, the association of these GICs with antimicrobial agents such as chlorhexidine, ciprofloxacin, metronidazol and minocycline [10] [11] [12] [13] [14] has been suggested in order to increase their antibacterial properties. In this study, CHX in the form of diacetate was chosen because of being more stable than CHX digluconate, and because it is presented in the form of power that would be more easily added to the GIC powder 15 . Türkün et al. 15 (2008) using CHX digluconate and diacetate in the concentrations of 0.5%, 1.25% and 2.5% verified that 1.25% CHX diacetate presented better antibacterial properties without altering the mechanical properties of GIC. Mixed with GIC in the concentrations of 0.5% and 1% in the present study, CHX diacetate presented similar bond strength to dentin results to those obtained with GIC without any association, and higher than those presented for the concentration of 2%. These results are compatible with those obtained in the study of Takahashi et al. 12 (2006) , in which statistically significant difference in the bond strength of a GIC with the addition of various concentrations of CHX diacetate were found only in the groups with 2% and 3% CHX. These authors demonstrated that the incorporation of 1% CHX diacetate was excellent for increasing the antibacterial activity, without affecting the mechanical properties and bonding capacity. Other studies have also verified an increase in antibacterial activity of GIC when both CHX diacetate and CHX digluconate were added in concentrations as from 0.5% 10, 11, 13 . Nevertheless, the physical and mechanical properties of GIC were compromised by the addition of CHX in concentrations higher than 2%.
The addition of CHX in high concentrations appears to interfere in fluoride release. According to Hoszek, Ericson 11 (2008) , GICs with additions of CHX in concentrations of 3% release up to 30% less fluoride in 60 days than GIC without CHX. A possible explanation for this is that the molecules of CHX may interact with those of the fluoride ions, resulting in the precipitation of salts with low solubility, leading to a lower level of its release 11 . This factor, associated with the cationic properties of CHX salts, which interfere in the reaction of polyacrylic acid with the glass particles 12 , may harm the mechanical properties of the material when high concentrations of CHX are added. It is therefore suggested that the mechanical properties of the material depend on the concentration of CHX added to it, and that concentrations equal to or higher than 2% may cause a significant reduction in the bond strength of GIC to sound and caries-affected dentin.
Fracture Pattern Analysis
In this study, cohesive in material and mixed fractures were predominant. To Cruz et al. 31 (2012) , fracture patterns are related to the properties of all components of the bonded joint: material, bonding interface and substrate, in addition to the mechanics of the test assembly. Higher prevalence of cohesive in material fractures has also been observed in other studies 10, 23, 27 and has been related to the low tensile strength and low cohesive strength of GICs, as well as to the low values of bond strength. This in the majority of instances does not represent the real bond strength of the material to dentin 23 .
In the present study, although no statistically significant difference was detected between the median of the bond strength values of GIC to sound dentin (4.55 MPa) and to caries-affected dentin (3.25 MPa), the latter was shown to be numerically lower. When the bond to affected dentin was established, there was an increase in the percentage of adhesive fractures proportional to the increase in concentration of CHX diacetate added to the GIC, whereas for sound dentin the increase in the percentage of adhesive fractures occurred only for 2% CHX. This may be explained by a lower degree of bond of the modified material to dentin, particularly when it is affected by caries.
Although low bond strength values have been observed for both sound dentin and caries-affected dentin when high viscosity GIC modified by the addition of CHX diacetate, or not, was used, these results cannot yet be considered conclusive, and further studies are necessary, using other tests, including determination of the real advantage in the reduction of microorganisms determined by this modification of the material.
CONCLUSION
The addition of CHX diacetate in the concentrations of 0.5% and 1% did not negatively influence the bond strength of a high viscosity GIC to sound or caries-affected dentin, and this may be a good option for improving the antibacterial activity of this cement.
